To study the effect of cooling system on microclimate variable three treatments based on animal body cooling systems i.e., shelter without cooling system (control, T 1 ),with fogging (T 2 ) and with showering (T 3 ) in semi-loose house were designed. Common environmental variables like maximum and minimum temperature and relative humidity were recorded during hot-dry and hot-humid conditions. The maximum temperature ( This study showed significant effect of cooling system. Moreover fogging was better as it utilized less water, as compared to showering during hot dry condition.
INTRODUCTION
The housing normally buffers the extremes of climatic condition to lower peak stress on animal and provide protection from predators. It should also create a micro-environment inside the animal house, which protects the animal from stressful atmosphere and allow efficient labor utilization. Global warming and weather change may be a threat to livestock production. Especially late summer, this severe hot -humid condition ought to cause more heat stress on cattle and buffaloes compared to early summer with hot-dry condition, which adversely affect their milk production, composition and physio-biochemical status. The effects of environmental variables on livestock are important in terms of welfare and performance. The temperature-humidity index (THI) has been used widely as indicator of thermal stress in livestock and the it forms the basis of the Livestock weather safety index. In many countries, cooling treatment have been tried to keep the animals in comfort during hot season of the year with varying results. Evaporative cooling through fans, foggers, sprinklers and splashing of water has become a common practice to improve milk production (Avendano-Reyes et al., 2006 and Fulsoundar, 1985) as well as feed utilization (Kamboj et al., , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org 2000 and West, 2003) and to decrease rectal temperature, pulse and respiration rate (Marai et al., 1995 , Davis and Mader, 2002 , Singh et al., 2005 , Aggarwal and Singh, 2008 , Rahangdale et al., 2010 in dairy animals. Livestock Research Station, Navsari (Gujarat) which is located under heavy rainfall conditions having maximum temperature during summer months with high relative humidity. Scanty reports are available on effect of cooling systems during hot-dry and hot-humid conditions in coastal area. Keeping in view the above researchable issues the present study was carried out to find out the influence of different cooling systems on micro-climate in semi loose housing system for animal during hot-dry and hot-humid conditions.
MATERIALS AND METHODS
The study was conducted at Livestock Research Station, Navsari Agricultural University, Navsari, District: Navsari, Gujarat State. The sheds were built on semi loose-house pattern with face to face type arrangement. The experiment was conducted from 14 th week of the year 2012 (April 2, 2012) to 29 th week the year of 2012 (July 22, 2012) .This period was divided into two condition as below. In control (T 1 ) group, the semi loose housing without body cooling, the foggers were operated daily during daytime hot hours from 12:00 to 15:00 hours in the respective experimental shed. The fogging cooling system (T 2 ) was automatically controlled by an electronic timer and run for 3 min after an interval of every 2 min (36 min/hour) throughout the experimental period. Showering (T 3 ) system consisted of nozzles in a line placed underneath roof at 9 feet height from the floor. The showers were operated daily during daytime hot hours from 12:00 to 15:00 hours in experimental shed. The shower cooling was manually controlled and run for 2 min after an interval of every 15 min from 12:00 to 15:00 hours throughout the experimental period. Daily data on climatic variables viz. maximum temperature, minimum temperature, mean temperature, relative humidity at outside environment were collected from Meteorological department of Agriculture college, NAU, Navsari. The microclimatic data were recorded daily throughout the experimental period, once in the morning at 07:30 hour and again in the afternoon at 14:30 hour by the sensor humidity data loggers.
RESULTS AND DISCUSSION
Maximum temperature: The condition and treatment wise maximum temperature means have been presented in Table - 1. The analysis of mean of maximum temperature recorded under macroclimate was significantly (P< 0.05) higher than the microclimate of treatments during hot-dry and hot-humid conditions. During hot-dry condition under fogging (T 2 ) the temperature was significantly (P< 0.05) lower as compared to other treatment groups, showering (T 3 ) was lower than control group, however the effect was not significant this might be due to absence of fog and mist formation in the showering as water droplets size is larger in showering which has less cooling effect. During hot-humid condition the temperature under fogging (T 2 ) and showering (T 3 ) was found significantly (P< 0.05) lower than other treatment groups. Comparison of mean between hot-dry and hothumid conditions in their respective groups showed significantly (P< 0.05) less microclimatic and macroclimatic temperature in hot-humid condition. This T a bl e 1 . Average maximum temperature ( o C) of microclimate under different treatment groups (control Vs cooling) and macroclimate during hot-dry and hot-humid conditions. Mean with superscript (a,b,c,d) in a row and (λ,ß) in a column differ significantly between treatments and conditions respectively at P < 0.05.
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T a bl e 2 . Average minimum temperature ( o C) of microclimate under different treatment groups (Control Vs Cooling) and macroclimate during hot-dry and hot-humid conditions.
Mean with superscript (a,b,c,d) in a row and (λ,ß) in a column differ significantly between treatments and conditions respectively at P < 0.05. Mean with superscript (a,b,c,d) in a row and (λ,ß) in a column differ significantly between treatments and conditions respectively at P < 0.05. Mean with superscript (a,b,c,d) in a row and (λ,ß) in a column differ significantly between treatments and conditions respectively at P < 0.05.
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all the conditions especially in winter. Results were also supported by Fulsoundar (1985) , Morover, the effect of cooling was not too effective, to reduce the temperature of microclimate during treatment time.
Relative humidity: The condition and treatment wise relative humidity (RH) means have been presented in Table - 2. Relative humidity (%) was significantly (P< 0.05) higher under fogging (T 2 ) shed as compared to other treatment groups (T 1 and T 3 ) during both conditions. It was also significantly (P< 0.05) higher in T 3 and T 1 than open during hot-dry condition, however the difference was not (P< 0.05) significant during hothumid condition. It might be due to evaporative cooling effect of water sprinkling through fogging during hot-dry condition and high humidity in climate during hot-humid condition. Chaiyabutr et al. (2011) reported mist fan cooling was effective (14.7%) and showering (0.8%) by Fulsoundar (1985) . Jegoda (2013) similarly observed superiority of fogger by 2.29% of relative humidity which is very less as compared to present result.
Temperature humidity index:
The condition and treatment wise means of percent THI at afternoon (2:30 PM) have been presented in Table 4 . Afternoon (2:30 PM) percent THI was found significantly (P< 0.05) lower under fogging (T 2 ) and showering (T 3 ) as compared to control (T 1 ) during hot-dry condition while, it was significantly (P< 0.05) lower for showering (T 3 ) than other treatments and varies significantly (P< 0.05) with each other during hot-humid condition. In both conditions the per cent THI of macroclimate was significantly (P< 0.05) higher as compared to T 2 and T 3. Per cent THI was significantly (P< 0.05) higher in hot-humid as compared to hot-dry condition in T 1 and T 2. Results indicated that providing water showering and fogging under loose housing system considerably reduced air temperature and increased relative humidity during hot hours of the day in hot-dry condition, however, the condition worsens in fogging in hot-humid condition be due to combined humidity of both environment and fogging. Fulsoundar, (1985) observed higher THI in control at 7:30, 12:30 and 14.30hrs. as compared to treatment (splashing with tap water).THI differ was more during afternoon 0.34 (afternoon) >0.26 (noon) >0.11 % in morning. This so better comfort due to splashing and splashing was more effective during afternoon. Similarly Frazzi et al., (2002) observed low THI with fan and misting. Igono et al., (1985) observed reduction in THI due to spray treatment was 1.7 which is very close to our treatment i.e. 2.66 (T 3 ) and 1.37 (T 2 ). Chaiyabutr et al., (2011) observed significant effect of mist fan cooling with respect to THI was (79.9 ± 0.46 Vs. 83.2 ± 0.44).
Conclusion
The maximum temperature was recorded under macroclimate which was higher than microclimate with and without intervention. The fogging system was superior over showering system with respect to microclimatic temperature, however, the relative humidity was higher in fogging as compared to showering especially in hot humid condition. This suggested superiority of fogging under hot dry system however showering under hot humid condition. Keeping in view scarcity of water in coastal area, shelter with fogger is supposed to improve microclimatic variables.
